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ABSTRACT 


Existing  processes  for  patients'  vital  data  collectionrequire  a great  deal  of  labour  work  to  collect,  input  and  analyze  the  information.  These  pro- 
cesses are  usually  slow  and  error-prone,  introducing  a latency  that  prevents  real-time  data  accessibility.  This  scenario  restrains  the  clinical  diag- 
nostics and  monitoring  capabilities.  We  propose  a solution  to  automate  this  process  by  using  “sensors”  attached  to  existing  medical  equipments 
that  are  inter-connected  to  exchange  service.  The  proposal  is  based  on  the  concepts  of  utility  computing  and  wireless  sensor  networks.  The  infor- 
mation becomes  available  in  the  “cloud”  from  where  it  can  be  processed  by  expert  systems  and/or  distributed  to  medical  staff.  The  proof-of- 
concept  design  applies  commodity  computing  integrated  to  legacy  medical  devices,  ensuring  cost-effectiveness  and  simple  integration. 
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I.  INTRODUCTION 

Telemedicine  allows  remote  diagnoses  and  monitoring  of  patients  [1] . 
It  guarantees  agility,  safety,  and  reliability  in  modern 
health-care  institutions.  There  are  several  challenges  associated  to 
automation  in  this  sort  of  environment  [2],  viz:  heterogeneity  of 
devices,  protocols,  and  programming  interfaces;  the  requirement  for 
flexible,  impact-free  deployment;  the  requirement  for  easy  to  config- 
ure, easy  to  manage,  scalable  and,  if  possible,  self-adjusting  systems, 
and  others. 

We  focus  on  the  problem  of  patients'  vital  data  collection,  distribution, 
and  processing.  We  suggest  that  current  solutions  based  on  manual 
note  taking  are  slow,  time  consuming,  and  labour  resource  intensive. 
Besides,  it  imposes  an  obstacle  to  real-time  data  access  that  curbs  the 
ability  of  clinical  diagnostics  and  monitoring. 

We  present  a solution  to  automate  this  process  from  bedside  data  col- 
lection to  information  distribution  and  remote  access  by  medical  staff. 
Our  solution  is  based  on  concepts  of  wireless  sensor  networks  and  util- 
ity computing.“Sensors”  are  attached  to  existing  medical  equipments 
that  are  inter-connected  to  exchange  services;  these  are  integrated  to 
the  institution's  computing  network  infrastructure.  The  information 
becomes  available  in  the  “cloud”,  from  where  it  can  be  processed  by 
expert  systems  and/or  distributed  to  medical  staff  for  analysis.  We 
argue  that  these  technologies  provide  desirable  features  for  automa- 
tion in  telemedicine  environment  addressing  the  challenges  listed 
above. 

Our  contribution  is  two-folded  in  social  and  scientific  fields.  In  social 
we  demonstrate  an  innovative  and  low  cost  solution  to  improve  the 
quality  of  medical  assistance  delivery  and;  in  scientific  field  we 
address  the  challenges  of  how  to  integrate  sensors  connected  to  legacy 
medical  devices  which  cloud  computing  services  to  collect,  process  and 
delivery  patient's  vital  data. 

This  work  is  organized  as  follows.  In  the  next  section  we  present  our 
motivation.  Section  3 introduces  the  related  works.  Section  4 presents 
our  proposal  and  describes  the  proof-of-concept  design.  Section  5 
shows  the  conclusions  and  future  works. 

II.  MOTIVATION 

Figure  1 depicts  how  the  process  works  based  on  manual  notes  [3]. 
The  interactions  are  described  below 
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Figure  1.  Current  scenario. 

(i)  A staff  member  collects  patient's  data  at  bedside,  writing  it  down 
to  a paper  spreadsheet; 

(ii)  The  notes  are  typed  in  a data  entering  terminals; 

(iii)  The  data  is  transmitted  to  a database  server  that  organizes, 
indexes,  and  make  it  accessible  through  a database  interface;  and 

(iv)  At  this  point,  medical  staff  can  access  this  information  through  an 
interface  application. 


It  is  clear  that  there  is  latency  between  (i)  data  gathering  and  (iv) 
information  accessibility.  This  is  undesirable  and  prevents  real-time 
monitoring  of  vital  patients'  data,  restricting  the  clinician's  monitor- 
ing capabilities.  Moreover,  this  process  is  error  prone,  as  there  is  a pos- 
sibility of  incorrectly  input. 

We  proposed  that  this  scenario  presents  an  opportunity  to  deliver  an 
integrated  telemedicine  service  that  automates  the  process  side-to- 
side;  that  is,  from  data  collecting  to  information  deliver.  We  suggest 
the  following  high-level  requirements  for  the  solution: 

1.  It  must  implement  the  methods  to  collect,  process  collect  data 
with  remote  processing  power  to  analyse  and  distribute  patient's 
vital  data,  from  bedside  toremote  accessibility. 

2.  It  must  be  open,  flexible  and  extensible;  that  is,  it  must  support 
heterogeneous  equipments  in  different  numbers  that  can  be 
added  to  system  on  ad  hoc  basis. 

3.  It  must  be  secure;  that  is,  the  system  must  guarantee  the  integ- 
rity and  confidentiality  of  medical  data. 

4.  It  must  be  manageable;  that  is,  it  must  provide  control  over  the 
myriad  of  computing  devices  connected  to  the  environment. 
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5.  It  must  be  reliable;  that  is  it  must  guarantee  system  availability 
despite  of  fluctuations  of  operational  conditions  and  punctual 
issues. 

6.  It  must  be  scalable,  to  support  the  deployment  in  large  health- 
care environments  and  the  integration  of  different  institutions. 

7.  It  must  be  optimized  for  computing  resources;  that  is,  the  applica- 
tion must  run  in  inexpensive,  low-profile  computing  devices. 

To  that  end,  we  exploit  concepts  from  diverse  cut-edge  technologies. 
First,  the  solution  is  based  on  the  idea  of  utility  computing  [4]  as  a “ser- 
vice provisioning  model  that  provides  adaptive,  flexible  and  simple 
access  to  computing  resources,  enabling  a pay-per-use  model  for  com- 
puting similar  to  traditional  utilities  such  as  water  or  electricity”. 
This  model  provides  inherent  support  to  ideas  of  outsourcing  and  on- 
demand  availability  of  resources,  which  is  desirable  for  creating  com- 
posed services  in  dynamic  environments.  In  our  case,  it  provides  sup- 
port to  ad  hoc  integration  of  diverse  medical  devices,  distributed  pro- 
cessing, and  open  accessibility. 

We  focused  on  a specialized  sub-set  of  utility  computing,  named  “cloud 
computing  [5]  [6].  One  can  visualize  this  environment  as  a “cloud” 
where  sensors  connected  to  legacy  medical  devices  are  plugged  in  and 
begin  to  operate,  i.e.  to  collect  and  transmit  data;  computer  resources 
available  in  this  cloud  are  configured  to  receive,  store,  process,  and  dis- 
tribute the  information.  Different  than  multi-layered  engineered  com- 
puting environments,  resources  can  be  plugged  in  and  out  the  cloud 
and  configured  for  the  different  aspects  of  the  operation  at  adhoc 
basis,  sharing  the  common  infrastructures  forcommunication,  man- 
agement, and  security. 

To  provide  support  to  existent  sensors  in  environment  we  considered 
aspects  of  wireless  sensor  networks  (WSN)  [7]  [8].  Wireless  networks 
facilitate  the  collection  and  distribution  of  information  to  and  from 
mobile  devices.  The  structure  created  by  wireless  sensor  nodes  is  flexi- 
ble, low  cost  and  can  leverage  the  combination  of  local  sensors  to  col- 
lect data  with  remote  processing  power  to  analyze  and  deploy  infor- 
mation as  a utility  computing.  This  setup  allows  the  deployment  of 
dynamic  and  collaborative  applications.  This  technology  provides  the 
solution  to  interconnect  heterogeneous  devices  over  an  open  area  and 
without  “wired  structures*4. 

Although  we  acknowledge  that  our  solution  is  not  a WSN  per  se,  we  re- 
used concepts  from  this  field  of  research  such  as: 

• methods  for  resource  management,  including  indexing,  discovery 
and  monitoring; 

• methods  for  ubiquitous  communication  between  mobile  comput- 
ing and  stationary  computing  devices; 

• methods  for  implementing  security,  including  confidentiality  of 
the  transferred  data,  authentication,  authorization,  and; 

• programming  interfaces  for  mobile  computing  and  stationary  com- 
puting devices. 

The  integration  of  these  technologies  provides  the  infrastructure  to 
implement  the  target  solution.  Some  of  the  solutions  provided  by  this 
infrastructure  are:  device  location  and  indexing;  scalability  via  “on 
demand”  resource  provisioning;  mechanisms  for  resource  manage- 
ment; and  data  communication  mechanisms,  and  security  mecha- 
nisms (although  security  is  not  strong  considered  in  scope  of  current 
proposal). 

Ill  .RELATED  WORKS 

There  is  several  related  works  that  envision  similar  solutions.  We  ana- 
lyze these  works  in  two  categories:  (i)  solutions  for  telemedicine  and 
automated  data  gathering;  and  (ii)  solutions  for  data  gathering  on 
wireless  sensor  networks. 

On  the  first  group,  the  work  in  [9]  proposes  a solution  to  monitor  car- 
diovascular disease  using  personal  digital  assistant  (PDA)  and  apply- 
ing Grid  Computing  as  technology  enabler.  Medical  staff  can  access 
use  application  in  software  as  a service  (SaaS)  basis.  The  resulting 
solution  provides  some  requirements  of  our  work;  however,  it  focuses 
on  a different  solution  thus  not  covering  how  vital  data  is  acquired,  i.e. 
requirement  (1)  in  the  previous  section. 
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UbiMon  [10]  proposes  a platform  for  patients'  monitoring.  It  applies 
sensors  implanted  in  patients'  bodies  to  get  vital  data.  This  platform 
uses  nodes  to  carry  out  the  acquisition,  processing,  and  storage  tasks. 
Nonetheless,  it  does  not  provide  a flexible,  scalable  and  'on  demand' 
way  to  handle  collected  data,  thus  failing  to  requirement  (2). 

Finally,  the  work  in  [11]  provides  an  overview  of  the  utilization  of  per- 
vasive computing  to  healthcare  solutions.  The  concepts  presented  in 
that  paper  helped  us  defining  the  requirements  and  high-level  archi- 
tecture. Nonetheless,  the  paper  is  not  focused  on  concrete  solutions, 
leaving  it  open  to  other  works  to  build  on  the  introduced  ideas. 

For  the  second  group,  i.e.,  “solutions  for  data  gathering  on  wireless 
sensor  networks”,  the  work  in  [12]  introduces  a monitoring  system  for 
multiple  vital  signs  based  on  mobile  devices  and  remote  connectivity. 
It  uses  wearable  sensor  to  collect  vital  signals.  However,  this  work 
focus  on  individual  support  cases,  failing  to  support  large  scale  envi- 
ronments as  we  are  seeking  in  this  work,  i.e.  requirement  (6). 

In  addition,  the  work  in  [13]  introduces  wearable  biosensors  (WBS)  for 
cardiovascular  monitoring.  It  addresses  both  technical  and  clinical 
issues  of  WBS;  however,  it  is  not  oriented  to  distribution  and  integra- 
tion of  large  scale  institutions,  thus  failing  with  requirements  (2),  (4) 
and  (6). 

Moreover,  the  work  in  [14]  proposes  wireless  sensor  networks  to 
patient's  data  gathering.  As  our  work  it  allows  medical  specialists  to 
monitor  patients  at  any  place  via  the  web  or  mobile  phones.  This  work 
utilizes  microcontrollers  to  analyze  collected  data.  However  again,  the 
solution  is  not  oriented  to  distribution  and  large  scale  integration. 

The  work  in  [15]  proposes  a framework  design  based  on  cloud  comput- 
ing concepts,  Microsoft  technologies,  existing  middleware  and  image 
toolkits  to  process  colorectal  cancer  images.  Finally,  the  work  in  [16] 
proposes  a solution  based  on  wireless  web  access,  where  mobile 
devices  use  processing  power  of  cloud  to  parser  HTML  components  of 
a web  page.  This  work  shows  how  cloud  computing  is  an  alternative 
for  processing  intensive  solutions. 

Based  on  the  examination  above,  we  concluded  that  none  of  the  ana- 
lyzed solutions  satisfy  our  requirements  completely.  Therefore,  we 
identified  the  opportunity  to  contribute  with  a solution  that  inte- 
grates concepts  of  wireless  sensor  networks  and  cloud  computing  to 
create  a platform  to  support  automated  data  gathering  in 
telemedicine  environment.  We  outline  our  proposal  in  the  next  sec- 
tion. 

IV.  PROPOSAL 

Our  proposal  is  a system  to  automate  the  process  of  collecting 
patient's  vital  data  via  a network  of  sensors  connected  to  legacy  medi- 
cal devices,  and;  deliver  this  information  to  the  medical  centre's 
“cloud”  for  storage,  processing,  and  distribution.. 


Figure  2.  Proposed  solution. 


Figure  2 depicts  the  proposed  architecture.  At  the  patient's  bedside, 
there  are  sensor  nodes  which  are  loaded  with  software  to  collects, 
encode  and  transmit  data  through  wireless  communication  channels 
to  be  stored.  The  Exchange  Service  acts  like  a broker  between  local 
andremote  services.  It  is  responsible  to  receive  collect  data  from  sen- 
sors and  to  dispatch  it  to  appropriate  storage  service  hosted  on  cloud. 
It  also  receives  requests  from  content  service  to  retrieve  data  from  the 
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Cloud  Service,  whose  functionality  is  two  folded:  (1)  it  is  responsible  to 
provide  services  to  store  collected  data;  and  (2)  it  provides  a platform 
for  development,  testing  and  deployment  of  applications  needed  by 
medical  staff.  Mobile  and  stationary  devices  interacts  with  applica- 
tions using  Content  Service.  This  service  acts  like  a “door”  where  medi- 
cal staff  devices  can  access  all  available  information. 
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The  elements  and  interactions  are  described  below: 

• Sensor  module  contains  the  elements  to  extract, transform  and 
load  the  data  from  the  attached  hardware;  the  software  provides  a 
standard  set  of  control  interfaces  easily  configurable  for  different 
medical  equipments;  the  data  is  transmitted  over  the  wireless  net- 
work to  “cloud  services”. 


There  are  several  practical  advantages  in  this  implementation,  such 
as: 


• it  provides  always-on,  real-time  data  collecting; 

• it  eliminates  manual  collecting  work  and  possibility  of  typing 
errors;  and 

• it  facilitated  the  deployment  process,  as  wireless  networking 
means  no  need  for  cabling  or  other  physical  setup. 

The  proposed  architecture  covers  the  several  elements  in  current  sys- 
tems, such  as: 

• Sensors  attached  to  legacy  medical  devices  replace  the  necessity  of 
(i)  manual  data  gathering  and  (ii)  data  entering  on  medical  sys- 
tem. 

• Computer  resources  available  in  the  cloud  are  responsible  to  (iii) 
organize,  index,  and  make  the  data  accessible,  and;  distribute  the 
data  to  (iv)  medical  staff. 


At  this  level  of  abstraction,  there  is  no  need  to  specify  “what”  elements 
are  available  in  the  cloud  (logical  design)  or  to  care  for  performance 
and  scalability  (physical  design).  It  suffices  to  say  that  the  “cloud”  pro- 
vides the  standard  interfaces  for  application  integration.  In  the  next 
sub-section,  we  detail  our  proof-of-concept  design. 

A.  Proof -of -Concept  Design 

Figure  3 depicts  the  proposed  solution. 
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Figure  3.  Proof-of-concept  design 

It  is  based  on  simple  components  deployed  to  commodity  computing 
devices.  In  our  case,  we  utilized  commercially  available  wireless  rout- 
ers that  allow  the  replacement  of  the  operating  software  by  Linux  solu- 
tion — we  used  the  Linksys  WRT54  router  -;  and  a simple  application 
that  collects  the  data  from  a serial  port  (attached  to  the  medical 
device),  transforms  and  load  this  information  the  exchange  server.  We 
suggest  that  the  same  functionality  can  be  replicated  in  different  hard- 
ware/software combinations. 


• Exchange  Service  Application  contains  a number  ofservice 
functionalities  to  organize  overall  related  patients'  data;  it  acts  as 
a broker  between  locally  attached  devices  and  remote  services;  it 
has  two  main  functionalities:  (i)  it  works  as  an  access  point;,  and; 
(ii)  it  allows  sensors  to  store  data  locally  for  pre-processing  — e.g. 
for  aggregation  or  simple  analysis  before  the  transmission  to  the 
main  system. 

• Content  Service  Application  is  a common  interfaceused  to  show 
information  to  medical  staff;  it  talks  to  the  exchange  service  appli- 
cation to  request  pre-processed  data. 

• Utility  Computing  Provider  is  responsible  toprovides  logical  and 
physical  infrastructure  for  storage,  processing  and  content  deliv- 
ery services. 


We  are  working  on  a proof-of-concept  implementation.  The  test-bed  is 
already  available  through  an  application  that  is  capable  of  interface 
with  the  medical  equipment;  collect  the  data  correctly,  translate  the 
data  in  situ.  In  addition,  the  modules  responsible  to  store  and  process 
collected  data  are  also  implemented,  running  on  virtual  machines 
managed  by  Open  Nebula  [17] . We  are  also  considering  ANEKA  as  the 
middleware  for  cloud  computing  [18]  in  Microsoft  Windows  networks, 
which  is  abundantly  available  in  health  institutions. 

We  have  the  first  results  from  our  limited  prototype  implementation. 
They  demonstrate  that  the  solution  provides  good  performance,  sup- 
port simplified  delivery  to  health  institutions,  and  clearly  improves 
patient's  data  accessibility  by  medical  staff.  With  some  improve- 
ments, especially  in  index  and  store  collected  data,  we  believe  that  pro- 
totype can  be  used  in  controlled  environment  to  monitor  non-critical 
patients.  Another  point  observed  form  preliminary  result  is  the  over- 
head in  communication 

level  caused  probably  by  XML  usage.  We  need  to  investigate  this  situ- 
ation to  improve  scalability  of  overall  system.  These  results  are 
encouraging  and  make  obvious  the  add-value  proposition  of  the  solu- 
tion. 


V.  RESULTS  AND  DISCUSSION 

For  the  other  end  of  the  project  we  had  created  a sample  model  using 
mobile  app  for  the  doctors  to  become  aware  about  the  condition  and 
current  status  of  a patient  now  and  then. 


Here  we  have  used  'Eclipse'  software  as  a platform  to  create  this  appli- 
cation for  the  doctor's  convenience.  Once  the  app  is  been  developed  we 
can  run  that  app  in  a virtual  machine  which  is  an  inbuilt  function  asso- 
ciated with  Eclipse. 


Slide  1 


International  Education  & Research  Journal  [IERJ] 


3 


Research  Paper 


ISSN  No  : 2454-9916  | Yolume-1  | Issue-2  | Sep-2015 


From  the  slide  1 the  doctor  enters  user  name  and  Password  and  then 
clicks  the  OK  button.  The  doctor  need  not  log  out  this  page  once  he  log- 
in, so  that  that  he  will  be  able  to  receive  the  readings  of  the  patient 
now  and  then. 


Slide  2 


through  a Software  as  a Service  (SaaS)  model  without  investments  on 
hardware  or  software  licenses. 

Moreover,  we  suggest  that  this  project  contributes  to  scientific  and 
social  fields.  On  the  scientific  field,  the  project  generates  new  knowl- 
edge and  applications  for  utility  computing,  cloud  computing,  sensor 
networks  and  mobile  computing.  These  areas  are  being  extensively 
explored  by  the  academic  community  and  the  developments  from  this 
project  will  address  some  of  the  outstanding  questions.  There  are 
many  lines  of  research  involved  in  this  development,  such  as:  informa- 
tion systems,  system  modelling,  networking,  mobile  service  develop- 
ment, service  management,  computational  security  and  quality  of  ser- 
vice (QoS). 

In  addition,  there  is  a contribution  to  the  social  field,  as  the  proposed 
service  helps  to  improve  the  quality  of  medical  assistance  delivery, 
especially  in  needy  communities.  It  is  difficult  to  gather  medical  staff 
with  varying  expertise  in  a single  place,  and  it  is  even  more  challeng- 
ing to  enable  medical  assistance  to  remote  patients  located  in  remote 
communities.  In  addition,  expert  medical  staff  has  restricted  time  and 
cannot  monitor  patients  or  collect  additional  data  from  patients  at  bed- 
side. Thus,  the  proposal  presents  an  innovative  solution  that 
addresses  problems  of  integration,  such  as  medical  staff  from  one 
institution  being  able  to  monitor  patients  located  at  another.  It  also 
helps  with  releasing  support  staff  workload  that  can  use  of  saved  time 
to  focus  on  assistance.  Finally,  due  to  its  pragmatic  approach  the  pro- 
ject results  in  a cost-effective  solution  to  address  the  requirements  for 
modernization  of  health-care  system  in  developing  countries. 


From  the  second  slide  the  doctor  can  view  the  patients  list  and  the  red 
colour  mark  indicates  that  the  patient  is  in  critical  condition.  Once 
clicking  on  a particular  patient's  name  the  doctor  can  view  the  entire 
details  of  that  patient. 


As  future  works,  we  intend  to  validate  the  proposal  in  a real  world 
setup  to  assess  the  benefits  of  the  solution  in  large  scale  scenarios.  In 
addition,  we  intent  to  implement  several  services  enhancements  of 
security  and  management  with  interaction  of  thirty-party  infrastruc- 
ture service  provider. 

REFERENCES 

[1]  Singh,  G.,  O'Donoghue,  J.,  and  Soon,  C.  K.  (2002). Telemedicine: 
Issues  and  implications.  Technology  Health  Care,  10(1):  1—10. 

[2]  Saha,  D.  and  Mukherjee,  A.  (2003).  Pervasive  computing: 
Aparadigmfor  the  21st  century.  IEEE  Perspectives,  36(3):25-31. 

[3]  Rolim,  C.  O.,  Koch,  F.  L.,  Sekkaki,  A.,  Westphall  C.  B.,  (2008) 
Telemedicine  with  Grids  and  Wireless  Sensors  Networks.  In:  e- 
Medisys'08,  International  Conference  on  e-Medical  Systems, 
2008,  Sfax  Al-Jadida.  Proceedings  of  e-Medisys'08,  International 
Conference  on  e-Medical  Systems.  IEEE  Tunisia  Section,  2008 

[4]  Llorente.  Ignacio  M.,  Montero.  Ruben  S.,  Huedo.  Eduardo,  Leal. 
Katia,  (2006).  A Grid  Infrastructure  for  Utility  Computing.  In  Pro- 
ceedings of  the  15th  IEEE  International  Workshops  on  Enabling 
Technologies:  Infrastructure  for  Collaborative  Enterprises 

[5]  Buyya,  Rajkumar  and  Yeo,  Chee  S.  and  Venugopal,  Srikumar 
(2008).  Market-Oriented  Cloud  Computing:  Vision,  Hype,  and 
Reality  for  Delivering  IT  Services  as  Computing  Utilities.  In  High 
Performance  Computing  and  Communications,  2008.  HPCC  '08. 
10th  IEEE  International  Conference 


Slide  3 

From  slide  3 the  doctor  can  able  to  visualise  the  current  condition  and 
health  status  of  the  patient. 


[6]  Foster,  Ian  and  Zhao,  Yong  and  Raicu,  loan  and  Lu,  Shiyong 
(2008).  Cloud  Computing  and  Grid  Computing  360-Degree  Com- 
pared. In  Grid  Computing  Environments  Workshop,  2008. 
GCE'08 


VI.  CONCLUSIONS  AND  FUTURE  WORKS 

In  short,  our  solution  delivers  an  integrated  telemedicine  service  that 
automates  the  process  from  data  collecting  to  information  deliver  as  a 
computing  utility.  There  are  several  practical  advantages  in  this 
implementation,  such  as:  it  provides  always-on,  real-time  data  col- 
lecting; it  eliminates  manual  collecting  work  and  possibility  of  typing 
errors,  and;  it  eases  the  deployment  process,  as  wireless  networking 
means  no  need  for  cabling  or  other  physical  setup. 

From  the  software  engineering  perspective,  the  proposed  design  pro- 
motes re-usability  through  the  use  of  a standard  services  imple- 
mented and  deployed  by  using  a Platform  as  a Service  (PaaS).  In  addi- 
tion, it  leverages  others  health-care  institutions  to  use  services 


[7]  Akyildiz.  I.  F.,  Sankarasubramaniam.  W.  Su,  Y.,  and  Cayirci. 
E.,(2002)  Wireless  Sensor  Networks:  A Survey.  Computer  Net- 
works, 38(4):393— 422,  March  2002 

[8]  Westphall,  C.  B.;  Brunner,  Marcus;  Nogueira,  Jose  Marcos; 
Ulema,  Mehmet.  (2008)  Pervasive  Management  for  Ubiquitous 
Networks  and  Services  Report  on  NOMS  2008.  Journal  of  Net- 
work and  Systems  Management,  v.  16,  p.  317-321,  2008. 

[9]  Sundararaman,  K.  Parthasarathi,  J.  Rao,  S.V.R.K.  Appa  Rao, 
G.V.N.  Global  Technol.  Office,  Cognizant  Technol.  Solutions, 
Chenna  (2008)  Hridaya  A tele-medicine  initiative  for  cardiovascu- 
lar disease  through  convergence  of  grid,  Web  2.0  and  SaaS.  In  Per- 


Research  Paper 


ISSN  No  : 2454-9916  | Volume-1  | Issue-2  | Sep-2015 


vasive  Computing  Technologies  for  Healthcare,  2008. 
PervasiveHealth  2008. 

[10]  Ng,  J.,  Lo,  B.,  Wells,  O.,  and  Sloman,  M.  (2004).  Ubiquitous  Moni- 
toring Environment  for  Wearable  and  Implantable  Sensors 
(UbiMon).  In  Proceedings  of  the  International  Conference  on 
Ubiquitous  Computing  (Ubicomp). 

[11]  Varshney,  Upkar.  (2007)  Pervasive  healthcare  and  wireless 
health  monitoring.  Mobile  Networks  and  Applications,  2007,  2-3, 
volume  12 

[12]  Wenxi  Chen;  Wei,  D.;  Xin  Zhu;  Uchida,  M.;  Ding,  S.;  Cohen,  M.; 
(2005).  A mobile  phone-based  wearable  vital  signs  monitoring 
system.  In  Computer  and  Information  Technology,  2005.  CIT 
2005.  The  Fifth  International  Conference  on  21-23  Sept.  2005 
Page(s):950  - 955 

[13]  Asada,  H.H.;  Shaltis,  P.;  Reisner,  A.;  Sokwoo  Rhee;  Hutchinson, 
R.C.;  (2003)  Mobile  monitoring  with  wearable  photo  plet 
hysmographic  biosensors.  In  Engineering  in  Medicine  and  Biol- 
ogy Magazine,  IEEE 

[14]  Tr,  S.,  As,  M.  and  Mh,  A.  (2007)  An  ad  hoc  wireless  sensor  net- 
work for  telemedicine  applications.  Arabian  Journal  for  Science 
and  Engineering,  32  [15]  Avila-Garcia,  M.S.;  Trefethen,  A.E.; 
Brady,  M.;  Gleeson,  F.;  Goodman,  D.,  (2008)  "Lowering  the  Barri- 
ers to  Cancer  Imaging,"  eScience,  2008.  eScience  '08.  IEEE 
Fourth  International  Conference  on , vol.,  no.,  pp. 63-70,  7-12  Dec. 
2008 

[16]  Xiao.  Yunpeng,;  Tao.  Yang,;  Li.  Qian,  (2008)  " A New  Wireless 
Web  Access  Mode  Based  on  Cloud  Computing,"  Computational 
Intelligence  and  Industrial  Application,  2008.  PACHA  '08. 
Pacific-  Asia  Workshop  on  , vol.l,  no.,  pp. 645-649,  19-20  Dec. 
2008 

[17]  Hakan  Erdogmus,  (2009)  "Cloud  Computing:  Does  Nirvana  Hide 
behind  the  Nebula?,"  IEEE  Software,  vol.  26,  no.  2,  pp.  4-6. 
Mar./Apr.  2009. 

[18]  Chu,  X.,  Nadiminti,  K.,  Jin,  C.,  Venugopal,  S.,  and  Buyya,  R. 
(2007).  Aneka:  Next  Generation  Enterprise  Grid  Platform  for 
e-  Science  and  e-Business  Applications.  In  Proceedings  of  the  3rd 
IEEE  International 


International  Education  & Research  Journal  [IERJ] 


5 


